The leather industry generates large amounts of a Cr-containing solid waste (wet blue leather). This material is classified by the Brazilian Environmental Council as a category-one waste, requiring a special disposal. The patented process Br n. PI 001538 is a technique to remove chromium from wet blue leather, with the recovery of a solid collagenic material (collagen), containing high nitrogen levels. This work aimed to evaluate the residual effect of soil application of collagen on the production of dry matter, content and accumulation of N in common bean plants (Phaseolus vulgaris L.), after the previous growth of elephantgrass (Pennisetum purpureum Schumach.) cv. Napier, as well as to quantify the mineralization rate of N in the soil. The application of collagen, at rates equivalent to 16 and 32 t ha −1 , provided greater N contents in the common bean plants, indicating residual effect of these rates of application; the same was observed for the rates of 4 and 8 t ha −1 , though in smaller proportions. Higher mineralization rates of N collagen occurred next to 16 days after soil incubation. During the 216 days of incubation, the treatments with collagen showed higher amounts of mineralized nitrogen.
Introduction
The production of leather industry solid wastes has increased and the use of such wastes as fertilizers represents an interesting alternative for their disposal, with less potential impact to the environment [1] . The production of chromiumcontaining solid waste in tanneries has been recognized as a problem for many years, and increasing pressure from environmental authorities has demanded a solution of such a problem [2] .
Historically, shavings, trimmings, and splits from the chromium tanning of hides and skins have been disposed of in landfills. However, increasing local restrictions on land disposal and the high costs of incineration have stimulated the search for alternative treatments. Many scientific groups have oriented their research to find a process to recycle and treat these wastes [3] [4] [5] [6] [7] [8] [9] [10] [11] . In Brazil, some research was carried out to evaluate the effect of leather industry works in the growth of cultures of commercial interest [12] [13] [14] [15] .
Castilhos et al. [13] evaluated the yields of wheat, lettuce, and radish, as well as the chemical changes in an Oxisol due to the addition of tannery wastes (primary tannery sludge; chromium-tanned leather shavings; finished leather shreds). Yields of the three crops in microplots treated with the wastes were similar to that obtained in microplots treated with lime plus NPK. Chromium concentrations in the soil and crops cultivated with tannery sludge varied from 40.7 to 71.2 and from 0.08 to 2.71 mg kg −1 , respectively. Additions of chromium-tanned leather shavings and finished leather shreds did not decrease the crop yields or change Cr concentrations in soil or plants. Aquino Neto and Camargo [14] investigated the effects of tannery solid wastes (sludge from the liming process and the primary sludge) and CrCl 3 application to two Oxisols, in a greenhouse pot experiment, and observed that lettuce growth was limited primarily by salt rather than by chromium content. Konrad and Castilhos [12] investigated the soil chemical changes and growth of corn on an Albaqualf soil, after application of tannery waste (primary sludge and the sludge from liming). The limed sludge increased soil pH (4.9 to 5.8) and calcium content (0.5 to 3.2 cmol c dm −3 ) and resulted in corn yields similar to those obtained with lime plus NPK. Chromium sludge increased soil pH and soil N (0.6 to 0.7 g kg −1 ). Corn yield with this treatment was similar to that obtained with NPK + lime. The Cr 3+ present in the tannery sludges applied to the soil showed low mobility and presented no reactions of oxidation.
Although these research works demonstrated the efficiency of leather industry solid wastes on plants growth, if chromium is not extracted from this waste, its use can cause serious environmental problems.
The leather industry generates a large amount of a Crcontaining solid waste (wet blue leather), with approximately 30 g kg −1 (w/w) of chromium. This material is classified by the Brazilian Environmental Council (CONAMA) as a category-one waste, one of the most dangerous and harmful wastes if discarded into the environment without any further treatment [16] . Because of this, such a material needs a special disposal, which is very expensive [17] . As a result, a new alternative for the utilization of these materials is mandatory.
To obtain leather from bovine skin, a process of tanning is necessary. Visually, the chromium tanned leather, even before receiving the finishing, is blueish and moistened. For that reason it is known as wet blue leather. Oliveira et al. [1] developed and patented (National Institute of Industrial Proprieties, Brazil-INPI-Process patented Br n. PI 001538) a technique able to remove the chromium of the leather industry (wet blue waste −30.000 mg kg −1 Cr) with the recovery of a solid collagenic material (collagen) with low-chromium (125 mg kg −1 , Cr) and high levels of nitrogen, with potential use in agriculture. The extraction method of chromium, based on a process developed by Oliveira et al. [1] , revealed a decrease in the chromium content of approximately 99.6% in the waste material.
De Oliveira et al. [18] studied the use of leather waste after chromium extraction (collagen) as a nitrogen source to elephantgrass-Pennisetum purpureum Schumach. cv. Napier. The collagen was shown to be a good alternative source of nitrogen for the growth of elephantgrass, at rates up to 16 t ha −1 . The wet blue leather residues did not make nitrogen available during the cultivation of elephantgrass. The application of collagen supplied the need of nitrogen by elephantgrass plants similarly to fertilization with mineral nitrogen.
This work aimed to evaluate the residual effect N of the collagen (the waste material obtained after chromium extraction of the wet blue waste), previously for growth of elephantgrass, on the production of dry matter, content and accumulation of N in bean plants (Phaseolus vulgaris L.) grown subsequently, under greenhouse conditions, as well as to quantify the net mineralization rate of N in soil fertilized with two rates of such solid waste.
Experimental
The study was carried out with Cr-containing leather waste (leather scraps and strips) from the Leather Industry Itaúna, in Itaúna-MG, Brazil. The chromium extraction method, based on the process developed and patented (Br n. PI 001538) by Oliveira et al. [1] , revealed a reduction of approximately 99.6% of chromium in the waste, with a chromium content of 30.000 mg kg −1 (wet blue leather waste) being reduced to 125 mg kg −1 (collagen-the waste material obtained after chromium extraction of the wet blue waste).
The chromium total contents in the wet blue leather and in the collagen were measured by atomic absorption spectrophotometry (Varian AA-175 series). The removal of Cr III from wet blue leather was performed following the method developed by Oliveira et al. [1] , which involves controlled temperature (50
• C) treatments with acid hydrolysis done with phosphoric acid, to avoid dissolution of the collagen.
The resulting material (collagen) was submitted to physical and chemical analyses according to the official methodology of Brazilian Ministry of Agriculture (Normative Instruction number 28, July, 2007). The determination of chromium in the collagen and wet blue waste samples was done according to reference methods established by the United State Environment Protection Agency [21] (Table 1) . Nitrogen content in leather waste was determined by the Kjeldahl method.
The experiment with common bean plants was carried out in a greenhouse at the Soil Science Department of the Federal University of Lavras, with the plants growing in pots where plants of elephantgrass were previously grown. Collagen and wet blue treatments did not receive additional application of such residues, whereas the mineral N treatment received additional application of urea. The soil utilized was a typical dystrophic Yellow-Red Latosol, clayey texture, Oxisol [22] , presenting chemical and physical characteristics shown in Table 2 (growth of elephantgrass) and in Table 3 (growth of common bean plants).
In a preliminary experiment, the collagen was utilized as a fertilizer for growth of elephantgrass-Pennisetum purpureum Schumach. cv. Napier [18] , with the plants growing for 115 days. A randomized complete block design was used with three replicates. Pots with 5 kg of soil (typical dystrophic Yellow-Red Latosol clayey texture-Oxisol) were used as experimental plots and the treatments consisted of collagen addition at the rates of 10, 20, 40, and 80 g per pot corresponding to 4, 8, 16 , and 32 t ha −1 and three additional treatments (additional 1: control; additional 2: fertilization with mineral N and additional 3: wet blue leather residue-without the extraction of Cr, being this residue used only at the rate of 8 t ha −1 ). The additional 1 treatment, without mineral fertilizer (macro and micronutrients) and without collagen, was used as a reference for later studies of leaching. In the additional 2 treatment, a conventional fertilizer (urea) was used, at a rate equivalent to a nitrogen content in the collagen of 8 t ha −1 (300 mg dm −3 of mineral nitrogen), which is the dose recommended for fertilizations in greenhouses experiments, as described by Malavolta [23] .
The experiment with the common bean plants (Phaseolus vulgaris L.) was carried out to evaluate the residual effect of the collagen, with the plants growing for 84 days. Treatments with collagen did not receive additional fertilization in the cultivation of common bean, whereas, the additional 2 treatment received an application of urea. Nutrient determinations were performed on the shoot, pods, grains, and roots. Samples were submitted to nitro-perchloric digestion and Cr contents were obtained by atomic absorption spectrophotometry (Varian AA-175 series). Nitrogen content was measured in extracts prepared through sulphuric acid digestion by the Kjeldahl method, as described by Malavolta et al. [24] . The data obtained was submitted to variance analysis by the F test using the SISVAR (Analysis of Variance System) statistics program [25] .
The net mineralization rate of N was evaluated in soil samples of the typical dystrophic Yellow-Red Latosol, clayey texture [22] . The study was set up in plastic containers with perforated lids, containing about 180 g of soil, and maintained in a dark environment at room temperature. Humidity was maintained at 60% of total volume of pores. Incubation lasted 216 days. A randomized complete block design was used with five replicates, consisting of two rates of collagen (4 and 8 t ha −1 ) and two of additional treatments (control-without mineral fertilization of macro and micronutrients and without collagen; and wet blue leather residue-without the extraction of Cr, being that residue used only in the rate of 8 t ha −1 ). 
Results and Discussion
In the evaluation of the residual effect of the collagen fertilization applied at planting of elephantgrass on the subsequent cultivation of common bean plants, the F test for the variance analysis detected a highly significant effect (P ≤ .00001) of the rates of the collagen, as well as of the additional treatments, on the production of shoot, pod, grains, and roots dry matter weights, and in the content and accumulation of N in the shoots (Figures 1, 2(a), 2(b), 3 , 5, and 6, resp.).
It was observed that smaller rates of collagen (4 and 8 t ha −1 ) produced less common bean shoot dry matter (Figure 1 ). De Oliveira et al. [18] observed that in the first cultivation with elephantgrass, those rates provided the largest biomass production. The fact that those rates resulted in lower production in the bean plant cultivation was expected since N is one of the nutrients that is present in the harvested product, being one of the most absorbed elements by the cultures [23] .
For the production of shoot dry matter, a negative quadratic response to the application of the collagen was observed, and the earlier application of collagen at the rate of 55 g per pot (equivalent to 22 t ha −1 ) provided a calculated maximum grain production of common bean plants of 16 g per pot (dry matter), Figure 1 . In general, the tendencies of dry matter production of pods, grains and roots were similar to that of shoot for all treatments (Figures 2(a), 2(b), and 3 , resp.).
The additional 2 treatment showed, in general, higher dry matter production in comparison with collagen treatments. The highest production observed in the conventional fertilization treatment (additional 2) is attributed to the application of N in form of urea, which provided the highest production of dry matter.
It was observed that the wet blue treatment (additional 3: wet blue leather without the previous chromium extraction treatment) presented some availability of N to the beans plants which was not observed by De Oliveira et al. [18] in the case of elephantgrass previously cultivated in the pots of this treatment. The higher availability of N for bean plants in the treatment with wet blue leather is attributed to an increase of N mineralization during the cultivation of these plants.
These results are in agreement with those obtained in the mineralization experiment (Figure 4) . It was observed that with the wet blue leather, the N-residue practically was not mineralized. However, the same may not occur when the source of Cr is soluble. Castilhos et al. [27] observed, in greenhouse conditions, that the application of trivalent chromium levels upper to 20 mg L −1 decreased soybeans plants and nodules dry matter production, number of nodules, nitrogen fixation, and P, K, Ca, and Mg uptake.
In the first cultivation (elephantgrass), the additional 3 (wet blue leather waste) was the treatment that provided the smallest dry matter production.
The treatments of 4 and 8 t ha −1 presented high mineralization rates in the period during which most cultures request larger amounts of N (30 to 45 days after-planting, including in the elephantgrass [18] . The mineralization rates of N in these treatments showed that even after that period, N continued being mineralized in significant amounts (verified in the cultivation in the common bean). Therefore, the found results show the potential of the collagen as a nitrogen source (Figure 4) .
Chromium content in the shoot and other parts of the bean plants was shown to be found below the detection limit (<0.5 mg kg −1 de Cr). Aquino Neto and Camargo [14] comment that lettuce growth was limited primarily by salt than by chromium content in tannery solid wastes applied to two Oxisols in a greenhouse pot experiment. Castilhos et al. [13] commented that the additions of chromium tanned leather shavings and finished leather shreds did not decrease the crop yields or change Cr concentrations in soil or plants.
For the content and accumulation of N in the shoot, a negative quadratic response to the rates of the collagen was observed. A significant effect was also observed for the additional treatments ( Figures 5 and 6 , resp.).
In general, the N contents in the plants supplied with collagen as well as in those from conventional fertilization wet blue residue and control treatments were below levels considered appropriate, which are from 30 to 50 g kg −1 according to [24] for bean plants, at flowering. It should be pointed out that the data shown are from the harvest time (end of cycle); therefore, they justify those smaller levels in the shoot since a large part of N is translocated from the leaves to the grains. It is in the initial phase that the highest absorption occurs, and with the elapsing of the cycle, the redistribution of nitrogen to the reproductive and newer vegetative organs causes the differences in the shoot, even with the different treatments, to be minimized [23] . Nitrogen contents in bean plants were lower than in those of the elephantgrass. It is pertinent to comment that in the cultivation of the elephantgrass, the rates 16 and 32 t ha −1 had N contents above those proposed for that forage, however, for cultivation of bean plants, the presented levels were close to those of conventional fertilization.
It was noticed that the application of 16 and 32 t ha −1 of residue for the elephantgrass provided larger levels of N in the shoot of the subsequent culture (bean plant) indicating a residual effect of the fertilization at those rates; the same was observed for the rates of 4 and 8 t ha −1 , but in smaller proportions.
The accumulation of N in the shoot expresses well the levels of N found in the shoot of the bean plants from the treatments with different rates of collagen, as well as from the additional treatments ( Figure 6 ).
Conclusions
The collagen provided a positive response for the productivity (dry matter of shoot, pods, and grains) of the common bean plant (residual effect) similar to that of conventional mineral fertilization, presenting itself as a good nitrogen source for that culture.
The collagen application rate of 22 t ha −1 for growth of elephantgrass was estimated to be the optimum rate for grains production of common bean plants subsequently grown.
The collagen application of 16 and 32 t ha −1 for the elephantgrass provided greater N contents in the subsequent shoot culture (common bean plants) indicating residual effect of this; the same was observed for the rates of 4 and 8 t ha Figure 6 : Accumulation of N in the shoot dry matter in bean plants grown for 84 days, under influence of the studied treatments (collagen: four rates; additional 1: soil without fertilization and without collagen; additional 2: fertilization with mineral N; additional 3: wet blue residue).
